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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document captures the findings of the study item "Study on Indoor Positioning Enhancements for UTRA and LTE" [1]. The purpose of the present document is to help TSG RAN WG1 and WG4 to properly model and evaluate the performance of new and existing indoor positioning techniques using 3D indoor channel models.

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1] RP-141102, “Revised SID: Study on Indoor Positioning Enhancements for UTRA and LTE”
[2] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[3] 3GPP TS 22.071: “Location Services (LCS); Service description; Stage 1”.

[4] 3GPP TR 36.873: “Study on 3D channel model for LTE”.

[5] 3GPP TR 36.819: “Coordinated multi-point operation for LTE physical layer aspects”.

[6] 3GPP TR 36.872: “Small cell enhancements for E-UTRA and E-UTRAN - Physical layer aspects”.

[7] 3GPP TR 36.814: “Evolved Universal Terrestrial Radio Access (E-UTRA); Further advancements for E-UTRA physical layer aspects”.

[8] 3GPP TS 36.133: “Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for support of radio resource management”.

[9] 3GPP TS 36.214: “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer; Measurements”.

[10] R1-103410: “Chairman’s note on simulation assumptions for UTDOA”. 

3
Definitions and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [2] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [2] .
Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [2] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [2]. 
A-GNSS
Assisted-Global Navigation Satellite System
CDF
Cumulative Distribution Function 

CRS
Cell-specific Reference Signal 

E-CID
Enhanced Cell Identification

FDD
Frequency Division Duplex
LCS

LoCation Services

OTDOA
Observed Time Difference of Arrival

PDSCH
Physical Downlink Shared Channel

PRS
Positioning Reference Signals
RFPM
Radio Frequency Pattern Matching
RSTD
Reference Signal Time Difference

SCE
Small Cell Enhancements
SRS
Sounding Reference Signal
UTDOA
Uplink Time Difference of Arrival

TBS
Terrestrial Beacon System

UL-RTOA
Uplink Relative Time of Arrival

4
General description of indoor positioning for UTRA and LTE
Positioning mechanisms were specified in 3GPP as a key feature for UTRA and EUTRA networks since Release-99 and Release-9, respectively; e.g., A-GNSS, OTDOA, E-CID, UTDOA. On-going enhancements to the US FCC Enhanced 911 capability are focusing on in-building positioning. It is therefore beneficial for the 3GPP ecosystem to explore this area, studying the performance of the existing methods, potential enhancements, and potential introduction of new capabilities in 3GPP to support indoor positioning within E-UTRA and UTRA.

A general description of location services and service requirements are given in TS 22.071 [3].
5
Evaluation methodology for indoor positioning
5.1 
System model for positioning
5.1.1
Evaluation scenarios
For evaluating baseline performance, scenarios (with various options/configurations) are defined below for RAT-dependent positioning techniques for indoor environments:

Table 5.1.1-1: Case 1: Outdoor macro + outdoor small cell deployment scenarios 
and outdoor macro-only deployment scenario (outdoor small cells = 0) 
	
	Outdoor macro cell 
	Outdoor small cell 

	Layout 
	Hexagonal grid, 3 sectors per site, 7 or 19 Macro sites, ISD = 500m 
	Same as SCE scn.1 

	System BW per carrier 
	10MHz 
	10MHz 

	Carrier frequency 
	2.0GHz
	2.0GHz (optionally, 3.5 GHz) – Note 1

	Carrier number 
	1 
	1 

	Total BS TX power (Ptotal per carrier) 
	46dBm 
	30dBm 

	Distance-dependent path loss 
	3D-UMa [referring to Table 7.2-1 in TR36.873 [4] - Note 2
	3D-UMi [referring to Table 7.2-1 in TR36.873 [4] - Note 2

	Penetration 


	For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)

	For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)


	Shadowing 
	3D-UMa [referring to Table 7.3-6 in TR36.873 [4] - Note 2
	3D-UMi [referring to Table 7.3-6 in TR36.873 [4] - Note 2

	Antenna pattern 
	3D,  referring to TR36.819 [5]
	2D Omni-directional baseline. 
Optional: 3D,  referring to TR36.819 [5]

	Antenna Height: 
	25m + α, where α~uniform[-5, 25]
	10m + β, where β~uniform[-5, 10]

	UE Height 
	hUT=3(nfl – 1) + 1.5 m 

where, nfl ~ uniform(1,Nfl) and Nfl = 8 

	Antenna gain + connector loss 
	17 dBi 
	5 dBi 

	Antenna gain of UE 
	0 dBi 

	Fast fading channel between eNB and UE
	3D-UMa [referring to Table 7.3-6 in TR36.873 [4] - Note 2
	3D-UMi [referring to Table 7.3-6 in TR36.873 [4]  - Note 2

	Antenna configuration 
	2Tx2Rx in DL, Cross-polarized 

	Number of clusters/buildings per macro cell geographical area 
	1 

	Number of floors per building
	8

	Number of small cells per cluster 
	0, 4, 10 

	Number of small cells per Macro cell 
	{0, 4,10}*Number of clusters per macro cell geographical area

	UE dropping 
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster 
	50m 

	Radius for UE dropping in a cluster 
	70m 

	Minimum distance (2D distance) 
	Small cell-small cell: 20m 

	
	Small cell-UE: 5m 

	
	Macro –small cell cluster center: 105m 

	
	Macro – UE : 35m 

	
	cluster center-cluster center: 2*Radius for small cell dropping in a cluster 

	UE noise figure 
	9dB 

	UE speed 
	3km/h 

	Network synchronization error
	Perfectly synchronized for baseline.  

Additionally, network synchronization error case can be optionally simulated.  If included, the network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing  difference of T2 ns, where T2 = 2*T1

–
That is, the range of timing errors is [-T2, T2]

–
T1:
Default: 50ns (for the additional performance evaluation)

–
Each individual company can further pick other values

	NOTE 1: 
For the optional case of the macro and outdoor small cells are on different carrier frequencies, i.e., 2GHz macro + 3.5GHz outdoor small cells, the penetration loss models are specified as part of Rel-12 small cell study [6].

NOTE 2: 
Within 3D-UMa modelling, 3D-UMa O-to-I is used for indoor UEs; 3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability, is used for outdoor UEs. Within 3D-UMi modeling, 3D-UMi O-to-I is used for indoor UEs; 3D-UMi LOS or 3D-UMi NLOS, depending on LOS probability, is used for outdoor UEs.


Table 5.1.1-2: Case 2: Outdoor macro + indoor small cell deployment scenario
	
	Outdoor macro cell 
	Indoor small cell 

	Layout 


	Hexagonal grid, 3 sectors per site, 7 or 19 Macro sites, ISD = 500m 


	Same as SCE scn.2b dense, except the following 4 cell locations per floor
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	 System BW per carrier 
	10MHz 
	10MHz 

	Carrier frequency 
	2.0GHz 
	2.0GHz (Optionally, 3.5GHz) – Note 1

	Carrier number 
	1 
	1 

	Total BS TX power (Ptotal per carrier) 
	46dBm 
	24dBm 

	Distance-dependent path loss 
	3D-UMa [referring to Table 7.2-1 in TR36.873 [4] - Note 2
	For indoor UEs in the same building: ITU InH [referring to Table B.1.2.1-1 in TR36.814]. For outdoor UEs and indoor UEs in another building, ITU UMi [referring to Table B.1.2.1-1 in TR36.814 [7].

	Penetration 
	For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [0, min(25,d)] for each link) 
	For indoor UEs on the same floor in the same building: 0dB
For indoor UEs on another floor in the same building: 

ITU InH 15+4(n-1) where n is the number of penetrated floors 

For outdoor UEs: 20dB+0.5din (din: independent uniform random value between [0, min(25,UE-to-eNB distance)]  for each link)
For indoor UEs in another building: 40 dB+0.5(din_1+ din_2) (din_1 and din_2 are independent uniform random value between[0, min(25,UE-to-eNB distance)] for each link) 

	Shadowing 
	3D-UMa [referring to Table 7.3-6 in TR36.873 [4] - Note 2
	ITU InH [referring to Table A.2.1.1.5-1 in TR36.814 [7] 

	Antenna pattern 


	3D,  referring to TR36.819 [5]
	2D Omni-directional 

	Antenna Height: 
	25m + α, where α~uniform[-5, 25]
	3(nfl – 1) + 2.5m,  where nfl({1,2,3,4}


	UE Height
	hUT=3(nfl – 1) + 1.5m,  where nfl ~ uniform(1,4)

	Antenna gain + connector loss
	17 dBi 
	5dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	3D-UMa [referring to Table 7.3-6 in TR36.873 [4].- Note 2 
	For indoor UEs: ITU InH
For outdoor UEs: ITU InH NLOS

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized

	Number of buildings per macro cell geographical area
	1

	Number of floors per building
	4

	Layout/Density/number of small cells per floor per building
	4*(number of floors), single strip model.

	Minimum distance (2D distance)

	Small cell-UE: 3m 

Macro –building center: 100m 

Macro – UE: 35m 

building center-building center: 130m

	UE Dropping Model
	•
2/3 UEs randomly and uniformly dropped within the hotzone buildings, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area (including hotzones).

•
A UE is an indoor UE if it is located within a hotzone building.

•
Additionally, a UE not located within a hotzone building is classified as an indoor UE with x% probability, where x>=0. Companies should indicate the value x when presenting the results.

	UE noise figure
	9dB

	UE speed
	3km/h

	Network synchronization
	Perfectly synchronized for baseline. 

Additionally, network synchronization error case can be optionally simulated.  If included, the network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing  difference of T2 ns, where T2 = 2*T1

–
That is, the range of timing errors is [-T2, T2]

–
T1:
Default: 50ns (for the additional performance evaluation)

–
Each individual company can further pick other values

	NOTE 1: For the optional case of the macro and indoor small cells are on different carrier frequencies, i.e., 2GHz macro + 3.5GHz indoor small cells, the penetration loss models are specified as part of Rel-12 small cell study[6].

NOTE 2: Within 3D-UMa modeling, 3D-UMa O-to-I is used for indoor UEs; 3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability, is used for outdoor UEs.


The assumptions as shown in Table 5.1.1-2 apply to the Outdoor macro + sparse indoor small cell deployment scenario.  However, the following simulation assumptions for the sparse indoor small cells supersede the values shown above: 

Table 5.1.1-3: Case 2a: Outdoor macro + sparse indoor small cell deployment scenario
	
	Indoor small cells

	Layout
	Based on dual-strip urban model TR36.814 [7].
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	Density/number of small cells per floor per building
	2 small cells randomly located on 2 of the 4 floors, i.e., 1/6 probability of the following floor combinations {1, 2}, {1, 3}, {1, 4}, {2, 3}, {2, 4} and {3, 4}

	Penetration
	Penetration loss modeling as per TR 36.814 [7]


5.1.2
OTDOA assumptions and parameters
The deployment scenarios and assumptions as shown in Tables 5.1.1-1, 5.1.1-2 and 5.1.1-3 are applicable to the OTDOA-based approach.

For OTDOA, the following simulation assumptions also apply:
Table 5.1.2-1: OTDOA assumptions
	Parameter 
	Value

	Cell Planning 
	PCI planning for macro and small cells

	Duplex Modes
	FDD

	Cyclic Prefix
	Normal

	DRX
	OFF

	Number of antenna ports
	PRS 1 (antenna port 6), CRS 2

	Number of receive antennas
	2

	Number of consecutive positioning sub-frames in one occasion
	1 and 6

	PRS periodicity
	160 ms.

	PRS and measurement bandwidth: 
	Full system bandwidth

	PRS muting 
	PRS muting pattern indicated by individual companies, if used

	PRS Power Boosting
	10log6 dB (Optional, no power boosting)

	PDSCH transmission
	No PDSCH transmission in PRS transmission occasions

	RSTD report quantization
	Modelled as in 36.133 [8] section 9.1.10.3


5.1.3
UTDOA assumptions and parameters
The deployment scenarios and assumptions as shown in Tables 5.1.1-1, 5.1.1-2 and 5.1.1-3 are applicable to the UTDOA-based approach.

For UTDOA, the following additional simulation assumptions apply:
Table 5.1.3-1: UTDOA assumptions
	Parameter 
	Value

	UE power class
	23dBm

	Resource block allocation for UL-RTOA measurement
	Periodic SRS, 48RBs (288 sequence length), 100 SRS transmissions where these SRS transmissions follow a periodic configuration of 10ms periodicity [8].

	SRS power control
	Psrs_offset = 0dB or 12dB

	Quantization error 
	Defined for UTDOA as part of the backhaul information exchange

	UL loading and interference 
	Existing methodology in R1-103410 [10].


5.2
Performance metrics
For evaluating performance of indoor positioning technologies, the following metrics should apply. 
5.2.1
Horizontal accuracy
Horizontal accuracy is the difference between the calculated horizontal indoor position and the actual horizontal indoor position of a UE.   For simulations, the horizontal accuracy should be reported as a CDF across a percentage of indoor users where an accuracy threshold (in meters) is being met. 

5.2.2
Vertical accuracy
Vertical accuracy is the difference between the calculated vertical position and the actual vertical position of a UE. For evaluation results, the vertical accuracy should be reported as a CDF across a percentage of indoor users where an accuracy threshold (in meters) is being met.

6
Baseline performance of existing positioning techniques in indoor environments
Editor’s Note: To be determined, Develop baseline simulation scenarios and evaluate the corresponding baseline performance of the existing positioning techniques (e.g. A-GNSS, E-CID, OTDOA, UTDOA, or hybrids thereof) for indoor environments to establish a baseline performance.
7
Studied positioning technology enhancements
Editor’s Note: To be determined. Study techniques for indoor positioning (RAT-dependent, such as e.g. OTDOA, UTDOA, E-CID, RFPM, etc. and RAT-independent systems, e.g. A-GNSS, Terrestrial Beacon Systems (TBS), etc.).  
7.1
RAT-dependent positioning technologies


7.2
RAT-independent positioning technologies
7.2.1
[…]

7.2.1.1
Architecture
8
Evaluation results of positioning enhancements
Editor’s Note: To be determined. Evaluate physical layer design options, enhanced measurements, and/or any additional impacts or enhancements, as applicable per technology, for RAT-dependent and RAT-independent positioning systems, including suitable frequencies and signals.
9
Identified UTRA and E-UTRA impacts 
Editor’s Note: To be determined for RAT-dependent and RAT-independent positioning technology enhancements, for LTE and UMTS specifications (if applicable), including impacts to Network and UE complexities/coexistence and specification impacts.
10
Conclusions

Editor’s Note: Summary and Conclusions of positioning technology enhancements.
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